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Introduction
In two preceeding papers 1' 2 the investigation of the microwave spectrum of the two isotopic species CH3SC1* and CH3S37C1 was reported and some structural information was obtained by considering these two species only.
The spectra of the isotopic species CD3SC1, CD3S37C1, and CH334SC1 have now been investigated for the purpose of obtaining more complete struc tural data, the direction of the dipole moment, and the quadrupole coupling tensor.
Experimental
Methanesulfenyl chloride was prepared on a semimicro scale suitable for the synthesis of the isotopic species. The method used was an adaptation of a procedure reported by Brintzinger 8. The advantage of our method is that small samples (ca. 1 ml) can be prepared completely in vacuo without the use of a solvent. The main difficulty is the complete re moval of sulfur dioxide produced. The reaction is as follows:
CH3 -SS -CH3 + SOoClo 2 CH3SC1 + S02.
The apparatus consisted of a standard manifold vacuum line, a one-liter ballast flask, and three sample tubes with stopcock and conical joint at tachable to the vacuum line. Freshly distilled dimethyldisulfide (5.6 mmole) was pipetted into the first sample tube (reaction vessel) and degassed at -78 °C, 10~2torr. A degassed sample of sulfuryl chloride (6.6 mmole) freshly distilled at room temReprint requests to Prof. Dr. A. Guarnieri, Institut für Physikal. Chemie der Universität Kiel, D-2300 Kiel, Olshausenstraße 40 -60.
perature was condensed into the reaction vessel. After this the reaction vessel was warmed to approx imately -25 °C. Sulfur dioxide was vigorously evolved as the reaction mixture turned red in color with the production of methanesulfenyl chloride. Portions of S02 were pumped off by repeated brief openings of the stopcock between the pump and the reaction vessel. The mixture was then brought to about -10 °C where S 0 2 together with approxi mately 1/4 of the reaction mixture was removed. The methanesulfenyl chloride was condensed from -10 °C into a sample tube in liquid air. Larger samples (up to 10 ml) prepared in this way were subjected to a distillation at ca. 30 torr through a short Vigreux column to remove traces of S02 giving approximately 75% yield for this prepara tion.
Pure methanesulfenyl chloride is stable at 10 °C for several days in the gas phase under its own vapor pressure but decomposes rapidly in contact with air and ordinary vacuum grease. The stability of methanesulfenyl chloride in the liquid phase is considerably less. Therefore, samples of CH3SC1 and CD3SC1 were stored at -80 °C in air-tight sample tubes. They could be held several months without decomposition under these conditions.
The experimental apparatus was a conventional Stark-effect spectrometer operating in the range 6 -40 GHz which has been previously described 4-5. The error of the frequency measurement is be lieved to be less than ± 0.03 MHz. The cell has been calibrated using //-ocs = 0.71521 as given in 0.
Spectrum
The b-type lines of the species CH384SC1, mea sured in natural abundance, are very weak and thus Table 1 . Microwave Spectrum of CDsSCl Frequencies are in MHz. The transitions marked with an asterisk were not used for the calculation of the rotational constants. The lines marked with two asterisks are disturbed by other absorptions re sulting in a measurement error larger than 0.03 MHz. These lines were also disregarded in the calculation of the constants given in Table 4 and in Table 8 . Table 2 . Microwave spectrum of CD3S37C1. Frequencies are in MHz (see Table 1 for comments). Table 3 . Microwave Spectrum of CH334SC1. Frequencies are in MHz (see Table 1 for comments). show larger measurement error than quoted above. Some lines are reported even if their measurement was disturbed by other absorptions but were used only for control purposes and not for calculating the rotational constants. A least squares fitting pro cedure using only low J lines (see Tables 1 to 3 ) was performed to obtain the rotational constants. Centrifugal distortion effects were neglected since, as shown in 2, they result in only small corrections to the constants. Tables 1, 2 , and 3 give the ob served spectra for the three isotopic species CD3SC1, CD3S37C1, and CH334SC1. In Table 4 the rotational constants, the asymmetry parameter, the moments of inertia, and the inertia defect A are reported.
Structure
Using three isotopic species CH3SC1, CH3S37C1, and CH334SC1 and applying the Kraitchman equa tions, the coordinates of the atoms S and CI can be Table 5 . Coordinates of S and CI in the principal axis system calculated by Kraitschman's method and obtained from the r0-structure fitting. The errors of the coordinates and of the rs-distance S -CI include the effects of the standard errors of the rotational constants whereas the standard error of the /■"-distance results directly from the fitting procedure. The conversion factor used is 505.375 GHz amu-A2. obtained, thus allowing the calculation of the rsdistance between S and CI. Alternatively a least squares fitting procedure of all rotational constants given in Table 4 allows the determination of an r0-structure which is more complete than that given in 2 since the only assumption necessary in the present case is the C3v-symmetry of the methyl group. The comparison of the S and CI coordinates obtained in the two procedures shown in Table 5 gives support for the validity of this r0-structure. The calculated restructure parameters are shown in Fig. 1 and listed in Table 6 . The rotational con stants thus obtained differ from the observed ones by not more than 2 MHz for all species. b X Table 6 . ^-Structure calculated by fitting the obtained rota tional constants. The errors in parenthesis are given in units of the last figure and are standard errors. Errors on the parameters resulting from consideration of the restructure method are not given. The agreement between observed and calculated rotational constants using these structural data is always within 2 MHz.
C -H (Ä) C-S (A)
S-Cl (A) (200) * HC SyAx is the angle between the CH bond and the methyl group symmetry axis.
As can be seen in Table 6 , the tilt angle ob tained from the restructure has a value of 3.69°. This is in good agreement with the tilt angle of 4.0° obtained from the direction cosines of the CH3-symmetry axis with the principal inertial axes a and b 2 and the direction of the S -C axis given by the r0-structure presented in this work.
Dipole Moment
The total dipole moment and dipole moment com ponents for the species CD3SC1 have been calculated from the Stark effect pattern. They are given in Table 7 together with the calculated and measured Stark splittings. In order to take into account the quadrupole interactions, calculations have been performed with the entire quadrupole-Stark matrix. The corresponding data for the species CH3SC1 have already been given in 1. In order to reduce the er ror of the jub component, additional measurements have been performed for CH3SC1. Combining all these measured values it is possible to determine the orientation of the dipole moment if the assump tion is made that the total dipole moment does not change its value appreciably with isotopic substitu tion.
b « o CHjSCl • CD , SCI As can be seen in Figure 1 a, an isotopic sub stitution of the hydrogen atoms causes a counter clockwise rotation of the isotopic molecule in the inertial axis system of the normal molecule by an angle e -3.44 degrees. The total dipole moment of the isotopic molecule is, therefore, also rotated by the same angle in the same direction. Considering now the measured dipole moment components, the //a-component increases from The orientation of the total dipole moment is in agreement with the results of an approximate mole cular orbital calculation using the 7"0-structure given in Table 6 of this calculation the sign of the dipole moment can also be given as may be seen in Figure 3 .
Quadrupole Coupling Tensor
The quadrupole coupling constants were deter mined by performing a least squares fitting of all the quadrupole components of the a and b-type lines up to / = 2. The values obtained for the different molecular species are given in Table 8 . We will now consider the two isotopic species CD3SC1 and CH3SC1. This isotopic substitution gives a possibi lity to determine the orientation of the principal axis system of the quadrupole coupling tensor, as suming that the electron charge distribution remains unchanged for an isotopic substitution sufficiently far from the nucleus under consideration. The method used is well known, but it is perhaps con venient to repeat it here.
For a molecule with a symmetry plane and having the quadrupole nucleus in this plane, as in our case, the quadrupole coupling tensor has the following form: '] • There fore, using the experimental values of Xgg» X gg and £, it is possible to calculate Xzz • > Xxx and a. which in turn enable the determination of Xgg' and x'gg' • All these data are listed in Table 8 .
The possibility of obtaining the angle a between the reference system of [^q] and [Xgg] can give an information about the validity of the assumption made in 2 that the z axis of the quadrupole coupling tensor coincides with the S -CI bond axis. The angle between the S -CI bond and the a-axis given by the structure of Table 6 is 24.82° ± 0.25° and the a-angle obtained from the quadrupole coupling tensor is 25.12° ± 0 .6°. The two angles have about the same value within the experimental error thus confirming the validity of the assumption on the presence of symmetry in the electronic charge distri bution about the S -CI bond.
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